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Introduction
The use of the flexibility in energy consumption by the customers is basic for the effective integration of other Distributed Energy Resources. To achieve this Demand Response capability, the customers must identify what they are using the energy for and assign prices to both the benefits they obtain by consuming electricity and the costs they may incur by giving up some of the electricity consumption in the short term. Significant research has been recently implemented worldwide to identify the Demand Response Resources in the electricity market.
Competition has acquired a major role in electricity industry due to power markets restructuring. A desired market performance requires the demand to be flexible [1] in the sense that the electricity consumption changes according to electricity prices. Active Demand-Side participation can decrease supply side agents' market power and help these markets to achieve a better operation [2] [3] . In order to maintain market efficiency, demand response should be considered as a service that consumers give to the grid, and consequently, it should be financed through market mechanisms and not through subsides. In this sense, electricity customers should be prepared to take advantage of its flexibility for the energy and power trading either in open markets (wholesale, retail, balancing, etc.) or by forcing the energy supplier to trade tailored bilateral contracts that account for this flexibility. They may also use their flexibility to participate in either regulated or deregulated demand response programs as those being developed around the world [4] [5] and where the consumers do not participate directly in the market but interact with an aggregator or other agents.
Up to now, demand participation in electricity markets has not occurred spontaneously and new tools are required for encourage it. This paper proposes a methodology to ease the identification and assessment of demand response resources with market participation purposes.
Large electricity customers and energy traders may participate by buying energy through demand bids in forward markets (Day Ahead and/or Intra-Day). After this energy transaction is somehow firm, they may participate in shorter term markets just as generators do, selling some of the energy previously bought by offering reductions in Balancing or other Ancillary Services markets. It is important to reinforce that, for selling energy reductions it is required that the energy has been previously bought in other markets. If not, the customers would be selling energy that they do not own [6] . For practical reasons small and residential consumers are usually not allowed to participate directly in markets, but could participate by managed aggregators in a similar way.
It is necessary that customers willing to exploit their flexibility in the energy consumption have to identify their Demand Response potential by organizing their demand according to the flexibility of their loads and identify the prices they are willing to pay for consuming electricity or to be paid for reducing those loads. Therefore, the evaluation of the customer Demand
Response potential requires the evaluation of two components: technical and economical potential.
In order to evaluate these potentials, new tools are required and, due to the different energy consuming processes existent in different types of customers, they would depend on the specific type of customer the tools are dedicated to. Commercial customers are intense electricity consumers worldwide, and the processes where the energy is used in this sector are quite reduced in comparison to the industrial customers, where almost every industrial process requires a singular analysis. The main processes in this sector are Heat, Ventilation and Air Conditioning (HVAC), illumination and electronic equipment.
Evaluation tools for these two purposes are presented and discussed in this paper. These tools have been partially developed in the framework of a 6FP of the European Commission, EU-DEEP (research project funded by the European Commission with the objective identify and overcome barriers that prevent the utilization of Distributed Energy and Demand Response Resources) and developed for customer segments that have been previously identified as highly potential in Demand Response, both in the commercial and industrial sectors [7] This paper is organized as follows: the first section is devoted to analyze the commercial sector in order to identify where the potential for DR is. The organization of the demand of the commercial customers in order to evaluate the amount of available flexibility (technical flexibility)
is dealt with in section 3, based on an improvement of a methodology previously proposed by the authors.
The economical issues associated to the DR are discussed in section 4. One detailed application example is described and analyzed in section 5 and, finally, some conclusions are drawn in section 6.
Technical Demand Response Potential in the Commercial Sector
The commercial sector has been analyzed in detail in the work performed in the above mentioned EU-DEEP project, where utilities covering more than 80 million customers all over Europe have been involved. The first step in this project was to perform a segmentation of the commercial sector based on the way in which the energy was used in the different segments [8] .
These segments where afterwards ranked according to the potential to implement different Demand Response requires the customer demand to be organized according to the specific uses or processes where the electricity is consumed. Therefore, the identification of the flexibility in the energy consumption has necessarily associated to a detailed analysis, based on physical and economical concepts, of the processes in each customer facility.
The potentials of these top DR customers have been estimated by using tools developed in the project of the International Energy Agency IEA task XIII, Demand Response Resources [9], of the Implementing Agreement on Demand Side Management. These tools estimate the available market potential for demand response in electricity markets. For the calculation, benchmark information gathered from experiences with consumers in Europe and America is used. Flexibility strategies for residential and small commercial customers are associated to direct load control programs for air conditioners, water heaters and space heating systems by using the North American long-term program participation rates. Table 2 shows the inputs considered in order to estimate the potential of demand response in hotels (EU25), which has been evaluated in 3180 MW. According to these results, it is possible to conclude that commercial sector has a high potential to provide demand response resources being several the barriers that prevent its realisation, as the lack of enabling technologies to perform DS response, legislative market barriers or the need of evaluation tools. The lack of knowledge the customer has about the impact (cost plus drawbacks) that he has from implementing DR actions and, consequently, the impossibility he has to value it with the incentives he may receive after the DR action is settled.
The evaluation of the impact the customer has from using DR resources is directly related to the "piece" of energy use that is going to be modified (usually partially or totally interrupted):
air conditioning, space heating lighting, etc. Therefore, in order to assess about this impact, it is required to analyze, for each end use, the relation between the service provided (heat, cold, illumination, etc.) and the electricity that is being absorbed by the process so that the cost associated to the implementation of the DR and the degradation of the process can be evaluated. The models that have to be used for that purpose are "physical" where all the variables related have to be included and related with the physical laws driving the process. The use of this modelling methodology to customer demand organization was presented in [10] , where the suitability of the methodology was demonstrated by the application to one customer.
This methodology stated in [10] has been extensively used in EU-DEEP project to evaluate both the technical and economical potential of the customer flexibility to assess the flexibility capability of customers in the commercial, industrial and residential sectors. The aggregated flexibility potential of selected customers is going to be validated through three real life market experiments, being the first one going to be implemented in the UK, where the use of DR to balance renewable wind electricity production and other balancing services is to be investigated.
This first experiment has been encouraged by the possibilities that BETTA market structure offers to the utilization of Demand Response Resources. The potential has been estimated in The procedure to specify the different energy packages was already proposed by the authors [10] , and it can be summarized according to the following steps:
1. According to the predicted activity for the customer in the short term (from one day to one week typically) determine the amount of flexible loads for each hour of the next day. A typical result for this step can be found in Figure 2 where by performing the required simulations, the amount of flexible power for each end use is determined for a large office customer. This curve is built by carrying out simulations for the different hours during a typical day, which allows investigating the amount of power to be reduced according to the selected scenario premises.
Most of the premises include different flexibility options that have been identified by the consumers in surveys, so deviations beyond acceptable levels (for temperature, illumination level or humidity, etc) are not allowed. It is easy to generate, from this curve, short term offers (hourly or 15 minutes) for demand reduction. Figure 2 . Flexibility curve divided into processes, of a "large offices" customer segment.
2. Determine, using suitable demand models and simulations for every hour, the number of EPs that can be offered in every hour of the next day for any end use in the customer facility. It is necessary in order to evaluate this, to have accurate models to evaluate the impact in the customer of any possible flexibility action such as interruption, load cycling or any other control. As an example of the implementation of this step, it was identified for a Hotel customer that 125 kW are used for air conditioning a summer day from 14 to 16 hours. After performing simulations that account for the customer characteristics, it is obtained that an average of 85 kW can be reduced, for two hours, from this process just by controlling (cycling) the AC units, not having a degradation of the internal temperature higher than 2 ˚C (above the thermostat set point). Different amount of power could be released at this hour if more temperature degradation is allowed or if shorter time for the implementation of the flexibility action is considered.
Consequently, these packages would have different sizes depending on the harshness of the control option: the higher is the reduction in temperature and the shorter the control is, the more power may be offered.
Each piece of flexible energy has an associated cost when implemented, that is
when the flexibility is used, and therefore, the next step is to put a price to any EP.
The methodology to perform this step is detailed in the next section. The price for each EP is based on the extra cost derived both in the short-term impact of the expected loss of service (comfort) and the cost of the equipment to implement the required control, as it is explained later. Several packages for each end use could be found, with different prices according to the severity of the control: the more power is offered, the highest the impact of the loss of control and, then, the associated price are.
Summarizing, the objective of the proposed methodology is to obtain, for every end use in the customer, tall possible flexible energy packages and their price. Once these components, size and prize, are identified for each EP, the flexibility is completely described and can be used for trading. The flexibility results discussed have to be completed with an economic analysis in order to account for the costs motivated by the use of the customer flexibility. These costs and the way to organize the whole process are discussed in the next section.
Economical Evaluation
The use of the customer flexibility has two cost components: Direct and Indirect costs.
The direct costs are related to the costs that have to be incurred in order to have the technical possibility to perform the flexibility action. This cost is specific for every flexibility action and the typical costs that have to be considered here are:
 Equipment for monitoring and control the flexible processes. This equipment is probably used for other applications apart to implement flexibility options and therefore, the cost has to be shared among the involved applications.
 Energy Storage, cost that will depend very much of the form in which the energy is stored (electricity, heat or cold).The use of the energy storage has to be discriminated, in order to assign the proper cost, into previously programmed (regular) use and use for Price Response.
 Stand-by generation, in case the flexibility action involves alternative supply
The indirect costs refer to the costs associated to the reduction in the quality of the service because of the implementation of a flexibility action: costs associated to the loss of comfort (temperature degradation), loss of productivity, etc. These indirect costs are usually difficult to identify and, because of that, no service degradation has been traditionally allowed in customers of the commercial sector. Nevertheless, as the price of the energy, and particularly the electricity, is increasing in continuously basis worldwide, the evaluation of these indirect costs will be performed by most customers in the commercial sector. These indirect costs are basically associated to extra labour costs and loss of revenues.
For example, the cost associated to a flexibility action consisting in switching some loads to the stand by generation will have to consider only direct costs, as the load is not going to be reduced, related to stand by generation, such as primary energy, maintenance and operation costs. A flexibility action consisting in reducing Air Conditioning load in a supermarket will have to consider as direct costs the control and monitoring equipment costs, and as indirect, the possible loss of revenues derived from the loss of customer comfort.
The direct costs are motivated by the need to implement new technology and systems to put into service the customer flexibility. These systems can be associated to a single or to several flexibility actions. For example, the cost of a thermal storage system has to be associated to flexibility actions that translate part of the load from "expensive" energy periods to "cheap" periods, and the cost will be reflected only in the corresponding price. On the other side, there are systems, such as control and monitoring, that will be used to implement almost any flexibility action and, therefore, the cost has to be shared by all of them. An example of these systems for Demand Response infrastructure is the internet-based PG&E InterActII system used in Automated Critical Peak Pricing in California during 2006/07 experiences [11] .
The methodology proposed in this paper to price the flexibility is based on identifying the direct and indirect costs associated to each flexible kWh. First, the direct cost is computed by identifying the systems needed to implement the specific type of flexibility, the amount of this cost that has to be recovered by the payment of the flexibility. This last parameter is determined by an estimation of the time this system is to be used by the different applications. The number of hours that any piece of flexibility is to be used along the year has to be estimated previously and that depends very much on the mechanisms (market, bilateral, tariff, etc.) to trade this flexibility.
After this time of use for every flexibility package is determined, the cost share of the involved systems can be determined and so the total direct cost imputable to a flexibility package. A typical result of this estimation is shown in tables 3 and 4, where the use of the utilization of any system is assigned to the different flexible processes. The impact of the flexibility in the service provided by the corresponding piece of electric energy has to be evaluated in order to asses on the indirect costs of the flexibility. An important part of this cost is motivated by higher personnel costs resulting from electricity consuming processes rescheduling although some other components may be important (loss of production, public image deterioration, and any other loss of revenue). According to that, and for the commercial sector, the developed tools help identifying the technical flexibility not allowing significant degradation of the service and assigning to each energy package the associated effects.
The new tool which has been developed by the authors in order to evaluate the economical parameters associated to the flexibility complements other previously developed for estimation of the available technical flexibility with the described methodology in the previous section and some results that are shown in the next section. A cost data input screen for this tool is shown in Figure 3 , where the detail of the considered information can be observed. Standard data menus with current commercial data about prices and characteristics of existing technologies are embedded in the tool in order to ease the use of it. customer that is currently participating in the first experiment of the project EU-DEEP
End uses identification
Comprehensive information about the customer description, end uses or for example weather parameters has been gathered in order to describe and model it. Four relevant electricity consuming end uses have been identified as shown in Figure 4 . Table 5 shows the consumptions for the different end uses of the segment for the typical customer in summer and winter. The end use "electronics" has the largest consumption in both summer and winter, since computers and other electronic devices are connected during the whole day. HVAC devices are partially controlled and disconnected during the night.
The peak of demand is higher in summer than in winter since the space heaters are working by using a different source than electricity (usually natural gas). As it is shown below in table 6, HVAC and electronics are the two end uses whose power demand has the largest weight in the total demand on peak hours (at 12:00) in summer. 
Flexibility and demand response evaluation
The highest potential in demand response has been identified in HVAC and ventilation. Figure 5 shows the effect of applying different flexibility options in the total load curve of the consumer. In summer, the end use HVAC could be modified by allowing the temperature to be increased up to 2ºC during a period of 2 hours a day. By doing that, a maximum reduction of about 120 kW (27% of reduction in the total peak of power) may be obtained. Additionally, a decrement in ventilation could be got by decreasing the speed of the fan. If it is done while the HVAC payback period is taking place, a lower recovering peak is obtained. In winter, only the ventilation could be used as a demand response option, and a reduction of 25 kW (8% in the total peak of power) may be reached. Figure 6 shows the prices associated to the demand packages that could be reduced on peak hours (in this case, at 14:00 h). The cheapest demand package to be reduced is HVAC, which may be decreased in about 27 kW if the consumer is paid in, at least, 27 cts€/kWh reduced. Ventilation, lighting and electronics are, in this order, the following processes to be reduced. A total amount of 73 kW could be decreased if the consumer was paid in 66 cts€/kWh reduced. The most expensive process is the one called "others", which consists on small and difficult to control processes.
Economic assessment
It is similar in winter, where the ventilation could be reduced in about 17 kW if the customer was paid in 25 cts€/kWh reduced. This paper describes a two steps methodology that would allow a customer to participate in electricity markets or negotiate bilateral trading mechanisms with the agents capable to use the customer price responsive capability to enhance the electric energy systems behaviour.
The first step is designed to identify the technical potential of every single customer; i.e. the amount of power and energy reduction that is able to implement any hour (or for shorter periods) along any considered period (week, year, etc.). Side effects of the flexibility implementation can also be identified with this tool, such as service degradation, recovery energy required, etcetera and, consequently, the associated limitations to the use of each flexibility package (number times this flexibility can be used along a day/week, required notification times) as well as other parameters that have to be used to asses in the cost the implementation of any type of flexibility produces in the customer. A real example of the application of this tool has been described, where the results of the tool were supplied to the customer and, after some iteration, full agreement was achieved in the flexibility figures.
